Introduction
An essential property of matter is its structure, i.e. the distribution of its constituents in space and time as governed by inter-particle forces [1] . We are concerned here with the electrically and magnetically neutral single-component gas under steady-state conditions, which are thermodynamically defined in the immediate vicinity of the critical point and below it.
Andrews's discovery of critical opalescence in carbon dioxide in 1869 stimulated numerous investigations of critical phenomena. The experimental observations on fluids show that a colorless gas in a narrow temperature range ( ) T T ≤ , exists as a two-phase fluid of different densities in volumes that are sharply separated by an interface surface a few molecular layers thick. The endeavor to explain theoretically the observations constituted a huge challenge. The course of a century then saw the development of the familiar phenomenological theories of a van der Waals gas, of the stable and unstable thermodynamic equilibrium formulated by Gibbs, of the correlation of fluctuations, of the scaling laws, including the hierarchical reference theory (renormalization group techniques), and of the Monte Carlo computer methods (see [2] ).
An insight into the nature of a fluid in the critical region is afforded by 
and ( ) ( ) , .
Equation (5) Relations (1)- (5) represent the Gibbs equations for calculating x , v x , and l x of the saturated fluid. One might think that the job of setting up generally valid fit formulae, i.e. applicable to every two-phase fluid has already been done. But this is not so. The literature yields, e.g. for water, only formulae for industrial use ([4] - [6] ) which do not correctly give the physical picture of the two-phase fluid in the critical region.
The objective of this study is to represent the quantities v x , l x , and x in the region between the triple point and the critical point as thermodynamic fit functions dependent on the temperature (Sections 4-9). The representation of a fit function by an order parameter expanded around the critical point is based on the knowledge of the behavior of the fluid in the critical region.
Thermodynamics of Critical Phenomena
The thermodynamical physics of critical phenomena above and below the critical point is extensively treated in the literature (e.g. [2] [7]- [10] ). Critical phenomena occur under the natural boundary condition of the vanishing value of the internal energy, 0 U ≈ [11] . In the immediate vicinity of the critical point the one-phase fluid is in unstable equilibrium on transition to the two-phase fluid, which is then in stable equilibrium. 
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can be calculated according to Equation (5) , it is possible to estimate the potential pot th U U U = − numerically. pot U is always negative. The resulting repulsion and attraction forces between the particles are equal and opposite at the critical point, which is expressed in Figure 2 by the fact that the curves th U , pot U , and U all are continuous there. Qualitative information about mean-field strength of forces in liquid and vapor can be obtained from . Along the dashed line there is a continuous change in the density passing through positive and negative regions of U . The solid lines represent the vapor pressure at temperature T and are the loci of the first-order phase transition due to the jump between low-density vapor and high-density condensate. The jump is combined with a different fluid structure in each phase.
A fluid state of 0 U > is characterized by an ensemble of particles freely moving in a structureless homogeneous phase. In contrast, a fluid state of 0 U < is characterized by an ensemble of particles bound in a more or less structured form as a result of particle self-organization under certain constraints, e.g. liquid, solid, and Bose-Einstein condensate (BEC) [12] , each with its specific thermodynamic property. As an example, Figure 4 shows the variations in internal energy of vapor and condensates as functions of their phase-specific volumes and the saturation temperature, respectively, for the water mass of 1 [g] .
The discontinuities of d d T U S = , represented as circles in Figure 5 , indicate the phase transitions of bulks of different structures. States of different aggregation exhibit qualitatively different properties. Adding energy dU to the fluid at fixed temperature distributes a surplus of the one bulk phase at the expense of the other [1] . Local variations of internal energy couplings between particles change the bulk structures. A structural change is thermodynamically described by an increase in internal energy dU as a result of increasing system entropy dS , i.e. by d d U S . Changes in the bulk structure occur close to absolute zero, at the triple point and the critical point. The circles in Figure 1 and Figure 5 give the phase transitions for the functions  , as in the case of a Bose-Einstein condensate, quantum mechanically by a condensate wave function. As already mentioned, correlation functions are a measure of the number of scattering centres for light in the fluid dielectric and hence of a mean value of structural density fluctuations. The strong increase and subsequent decrease of long-wavelength fluctuations in critical fluid regions cause the observed sharp increase and decrease of scattered light intensity (e.g. [13] ) and are thus experimental proof of the thermodynamic zero of the internal energy of, on the one hand, a dense gas in the critical temperature region and, on the other, a dilute-gas in the 
Consequently, the task here is to repeat the calculation of α and γ and additionally of the exponent of every function, which according to Relations (3) to (5) is connected with the heat capacity. Since < . The knowledge obtained about the temperature dependence of the functions mentioned then allows relations between critical exponents to be studied, e.g. between α , β , and γ (Sections 4-9). It is found that only a single independent critical exponent is needed to characterize all order parameters, e.g. β and the others can be expressed by it. Data for the fluid selected, saturated water, are given in the Appendix.
It remains to consider some essential properties of the above-mentioned free interface surface. If the condition for forming a free surface between the liquid and vapor phases is given, then there is an interface particle layer, which represents a new equilibrium state described by a minimum internal energy U and simultaneously a maximum entropy S . Hence formation of the free interface surface lowers the free energy F of the fluid. The relative energy contribution of an interface quantity to the respective system quantity depends on the ratio of the numbers of interacting particles in the interface volume (of the surface area A times the layer thickness and less, surface effects play a role in nature and technology, e.g. the minimization of the free interface surface. The smallness of an interface quantity shows, on the other hand, that ignoring it when studying volume properties of the fluid is completely justified. As the existence of a surface A does not change the mass M and volume V , the property of U , S , and F being extensive quantities is maintained. If the area-specific difference of the internal energy 
, is assigned to the function d dT σ and that of the surface free energy decreased,
Equations (9) give U , S , and F as functions of the system variables M , V , and A and their conjugate temperature variables µ , p , and σ . In order to establish a relation between the unknown function σ and the measurable surface tension γ , it is posssible simply to identify the negative values
with the free energy,
It is found that this choice gives the acceptable result of interface-
, and concave curvature ( ) 
Vapor Pressure
The experimental finding that the heat capacity diverges at the critical point calls for a statement on the critical behavior of the vapor pressure and chemical potential, since
. What was known about the properties of these two quantities at the time when systematic investigations of the critical behavior of fluids and magnets were initiated [14] - [17] is summarized by Stanley [7] . The lattice-gas model gives p ϑ α = . However, for the real gas the curvatures of p and µ might both indicate divergence, so that p ϑ might differ from α . In particular, the divergence of the heat capacity of helium-4 ( 4 He) appears to be dominated by
Since then investigators have become resigned to not making any statement on µ and letting
[18]- [22] ). This attitude, however, is not accepted by all. In general, the literature provides no uniform statement on the temperature dependence of ( ) ( )
and the area-specific entropy
With respect to the vapor pressure, the necessary thermodynamic proof of the finiteness of 
The function φ is defined by the ratio of the evaporation energy ( ) Differentiating Equation (10) gives
. In the critical region the quotient ( ) 
The maximum value of ( ) ( )
is assumed at the critical point and is finite; it is thus shown that 2 2 d d p T never diverges.
It will now be shown that no temperature derivative of the vapor pressure diverges at the critical point, where 
The  -expansion (where
The positive functions p and d d 
where ( ) Figure 7 ). This linear function is ( )
If one introduces the dimensionless variable ( ) and [5] , dashed lines) and Equations (13), (14), and (19) (solid lines). The line lnp represents published vapor pressure data from [4] and [5] , which are equally well reproduced by both the dashed and solid lines. The lines ln d d p T , calculated from the respective equations, also give results that are in reasonable agreement at every temperature between the triple and critical points. In contrast, the dashed and solid lines of ( ) ( )
The essential property of the function ( ) y  is that the derivatives 
can perform the task required.
The first three derivatives of ( )
If the n -th derivatives of y and z are denoted for short by The following fit formula for the vapor pressure is conceived such, with due allowance for Equation (10) , that it does not yield any divergent higher-order temperature derivative: 
Each constant k a of the series z (see Equation (17)) is multiplied by the prefactor
 (see Equation (16)), yielding the constant k a , which is again denoted by k a in the fit formula (19) . Equation (19) can be used for describing the vapor pressure of every fluid. In the literature, however, one finds fit equations (e.g. in [4] [5] [22] ) that are thermodynamically incorrect, because the corresponding function z contains terms with non-integer exponents k (e.g. terms such as 1 3  or 1 2  ) that lead to divergences of
Formula (19) with the ten fit constants listed in the Appendix, Equation (A3), reproduces the measured data p of water with the same accuracy as that given in [4] - [6] . The calculations of 2 2 d d p T in this study and, on the other hand, according to the equations published in [4] and [5] show that the differences expected occur exactly in the critical region, as seen in Figure 7 . Results of calculating the water vapor pressure p according to Equations (13), (14) , and (19) are given in the Appendix (fit functions (1)- (3)).
Coexistence Curve
Along the coexistence curve in the critical region, the scaling laws must of course obey each two-phase equilibrium relation, e.g. 
In accordance with the defining Equation (7) for the exponent β one obtains the scaling laws of the phasespecific volumes, internal energies and entropies in relation to their critical values as follows:
In these formulae the plus sign refers to the vapor phase and the minus sign to the liquid phase. According to van der Waals the temperature dependences of the volumes v v and l v can be represented as series expansions about the critical value v , where the temperature expansion variable λ gives the distance to the critical point and at the same time the decrease of the difference ( ) 
The temperature dependence of λ is described by ( ) 
0 and for .
According to Landau every quantity ( )
between the stable phase-limiting values v x and l x , whose difference, as described in Equation (24), tends to zero on approaching the critical state c x , is based on an order parameter [28] . In the case of the saturated fluid the natural order parameter is the difference of the condensation and vapor masses in relation to the fluid mass, ( ) ( ) 
The variable λ thus represents the order parameter of the mass splitting, which as natural order parameter of the two-phase fluid is also the basis of all other order parameters:
For values 0 λ → , the phase-specific volumes and internal energies on the coexistence curve conform to the scaling functions, ( )
The values of η and β can be determined empirically by varying them until the curves of the published data It can now be stated that the phase-specific quantities v x and l x in relation to their critical value c x scale as ( )
In contrast, the temperature derivatives ( )
( ) 
The relation ( )
claimed by Ref. [11] , is wrong and must be replaced by Equation (29) . The divergence
To get temperature-dependent quantities in the entire temperature range of the liquid [ ] The sum contains m constants n a which are specific to the quantity to be fitted and are calculated by the mathematical method of conjugate gradients by fitting the given data. Quantities such as the vapor functions ( ) 
Critical Exponent of the Fluid Energy
First it is shown that the internal energy is an order parameter:
Each of the following functions has the property of an order parameter since it holds that
To obtain the fluid quantity x as a function of λ , Relation (2) is transformed as follows:
The fluid quantity x in relation to its critical value 
Below c T , u is a negative function which tends to zero in the critical region as 
Quantities such as the fluid functions ( ) 
Critical Exponents of the Heat Capacity and Chemical Potential Functions
The scaling of ( ) ( ) ( ) ( )
, taking Relations (4) and (26) into account, is  described by Equation (34) and the scaling of (38) and (39).
Critical Exponent of the Reciprocal Isothermal Compressibility of the Two-Phase Fluid
The isothermal compressibility T κ is measured as the relative change of the fluid volume when the pressure is increased, i.e. the reciprocal isothermal compressibility
is defined by the relations:
In the one-phase region the density 
, is an isothermal variation of the entropy and volume, ( ) T s v ∂ ∂ , which according to Equation (3) is expressed by the isothermal phase transition ( ) (
The isobaric volume compression,
, is expressed by ( )
is the result of the temperature increase dT or the vapor pressure increase dp since
Hence the effect of the isothermal and isobaric infinitesimal changes on the two-phase fluid of constant density is Regarding the scaling on approach to the critical point, it is found that the phase-specific volumes, entropies, and energies are dominated by the critical exponent β , and the fluid entropy and energy by 2β , while the second temperature derivative of the chemical potential by ( ) 2 1 β − , thus determining the divergence of the heat capacity. The second temperature derivative of the vapor pressure converges to a finite value. The difference of phase-specific quantities likewise scales as β and the sum scales as 2β .
The exponents of the reciprocal heat capacity, 1 2 α β = − , and reciprocal isothermal compressibility, 1 γ = , calculated for the two-phase fluid are not in conformity with those given in the literature for the one-phase fluid. The corresponding exponents differ since the thermodynamic behavior above and below c T is described by different free energy functions [14] . There are large density fluctuations in the immediate vicinity of the critical point under the condition 0 U ≥ . These unstable fluctuations do not occur under the condition 0 U < and are not the subject of the Gibbs theory, which deduces the thermodynamic stable equilibrium of the macroscopic fluid from the statistics of microscopic fluctuations of its constituents at given total energy.
The subject of quantum mechanics is to investigate in detail interactions between particles. There are statistical arguments about the relative likelihood of attractive and repulsive interactions. In particular, one has to consider the possible resonant scattering of particles with different internal degrees of freedom and spinexchange and dipolar processes [12] . This is all very hard to do, but it may finally provide an explanation for large density and energy fluctuations in a fluid in the vicinity of 0 U ≥ . On the other hand, atto-and femtosecond laser techniques have made it possible to follow the movements of atoms and study subpicosecond processes in solids and liquids as well as in gases (in and out of the direct light interaction region) [31] .
Almost all significant results produced in the years 1960-1980 were obtained at a time when non-classical thermodynamic behavior of the free energy of the one-phase fluid near the critical point is assumed. The efforts to obtain an equation of state that describes the singularities of the heat capacity and isothermal compressibility in the critical region are to be found in, for example, Refs. [14] - [16] , and [29] . As is shown in this study, however, the scaling laws of the two-phase fluid can be treated on the basis of the classical thermodynamic free energy function if the equilibrium relations between the phase-specific volumes, vapor pressure, chemical potential, and heat capacity are considered. A significant result is thus confirmation of the Rushbrooke equation U U − > , is a phase transition of the first kind. Adding energy to the fluid increases its entropy and thus the mobility of particles, both being equivalent to a loss of matter structure. This feature can be described by the concept of an order parameter. The "natural" order parameter of the two-phase fluid is ( ) ( )
(Equation (25) Area-specific order parameters are the surface energy σ and surface tension γ . They describe the effect of particle interactions in the highly inhomogeneous interface layer at the free area A between the homogeneous bulks, condensate and vapor. Since A σ ⋅ is part of the fluid internal energy U , which is negative below the critical point, σ must be negative and the temperature values can be determined according to Equation (9), if The fit function y with label = 3 evaluates the vapor pressure Equation (19) ( )
Fit functions for saturated water
Each of the fit functions ( ) According to Equation (30) , this function calculates functions with exponents β . 
